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NATIONAL ADVISORY COMMITTEE FOR LBROMUTIC S 

MOEL D I E H L N G  IMVESTIGA!ITON O F  fpBE 

By Lloyd J. Fisher and Edward L. Hof- 

The ditching  characteristics o f  the Douglas E-4 and Dc-6 airplanes 

were investigated. Dynamically similar models o f  scale were used f o r  

the investigation which was conducted i n  calm  and  rough water. 
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The ditching  characteri.Etic8 and the  safest ditching procedures 
were determined by tes t ing  at vgmious landing at t i tudes,  speeds,  and 
sfmulated  conditions of damage. The principal  methods of obtaining 
data were by motion-picture and s t i l l -picture   records apd by time- 
history  deceleration  records. It w a s  concluded f'rom the model tests 
that, the .best ditching w i t h  the Douglas E-& and Dc-6 airplanes  could  be 

,made by contactfng  the water a t  a nose-high a t t i t ude  w i t h  the  landing 
flaps full down. The ditching  bebavior of both airplanes w i l l  be 
similar. In c a h  water o r  amall waves the  a t t i tude will decrease until 
the airplane stops i n  a slightly nose-down attitude that is described 
as a deep run. Li t t le  damage w i l l  be sustained a t  these  condition8. I n  
waves o f  the order of 6 feet high, considerable  variation  in  behavior 
and damage may occur,  depending on how the airplane contacts the wave8. 

An investigation of  the ditching  characterist ics of the Douglas fX-4 
and Dc-6 airplanes was conducted a t  the Langley tank no. 2. Various 
landing att i tudes,  speeds, and 'sFmulated conditions of  damage were 
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investigated in c-a'ter and  rough-water ditching8 with dynamically 
similar models of the airplanes. The cahswater ditchings were made 
on the Langley tank no. 2 monorail. 'i"pe rough-wa-ber ditchings, which 
were r e s t r i c t ed   t o  th+Dc-4 model,  were  made. on the Langley tank no. 2' 
main carriage and on. -the outdoor catapult. 

Data on the airplanes .were obtained frm Douglas Aircraft Co., Inc. 

. 
.. 

Description of M o d e l "  

A 1 - s c a l e  dynamically shilar model-of the Dc-6 airplane that 
16 

- 

could be m d i f i e d  to reseale  closely the airplane was used i n  the 
t e s t s .  The fuselage and naCelle8 were equipped with s p c e r  blocks that 
could be removed t o  approximate the DC-4 model. The sane t a i l  assembly 
and  wing were used in each case. Figure 1 28 a three-view d r a w i n g  of 
the E-6 airplans showing the  sections that .were r&vable from the 
model t o  appoximate  the EA airplane. Photographs of the model 'are 
given as figure8 2, 3, and 4. The model was canstruct-erd principally of 
balsa w i t h  t h in  plywood bulkheads in - the -  fuselage and spruce  bracing8 
i n  the w i n g .  Internal ballast was used t o  obtain scale weighks and 
moments of inertia. 

D .. 

+ " .. 
The landipg flaps were. designed so that  they  could be made t o  fail  

under scale loada. To accomplish this they were held  in  the  deflected 
positionpy a fine wire  pin. When exceasive water loade were 
encountered on the Flaps, the wire pin -,+as ahsared d the flaps 
rotated on the i r  hinges, thw simulating fai lure .  

. .  

. .  

The landing-gev.doors were made removable since it was  a s s m d  
they would be completely torn away in a ditching. On the basis of the 
strength  data of the fuselage qu0te.d by the  manufacturer, it vas  further 
assumed that the under s,yrface  Of'the  fuselage  (except  the  section 
between the wing a p e )  would be damaged. As the  extent of the damage 
would be dff f icu l t  -tinate, sections of the under surface of' the 
fuselage were made replaceable.with  6cale"etrmgth~  sections; These 
sections were expected  to-sustain damage similar to f d l e c d e  dams;ge.- 
The acale4trength  sections (see figs. 5 and 6 )  consistea of a 
skeleton framework of balsa wood, or cardboard and balsa wood, covered 
with e i ther  thin waterproof paper or .  0.001--inch a lumimm sheet. 
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T e s t  Methods anit E q u i p n t  

3 

c 

c 

The model w a s  a t tached  to  a launching  carriage at the  desired 
landing attitude with the  control surfaces s e t  t o  hold this a t t i t u d e  in  
flight. The model was then'  brought up to   f l y ing  speed and released so 
that it would glide onto  the  water  with  the preset control surfaces 
keeping the model at approximately the  deeired  attitude.  Tnis method 
was u8ed f o r  both the indoor and outdoor t e s t e .  

The ditching  behavior e-valuated f'ram motion-picture and still- 
picture   recorh and t M s t o r y  deceleration  recorda. The deceleration 
records were obtained  with a small accelerometer placed inside  the 
model near the   pi lot ' s  enclosure. The accelerometer had a natural 
frequency of about 17 cycles  per second and w m  da,mpd t o  about 65 pemerrt 
of -c r i t i ca l .  The reailing  accuracy w a s  about -L&. 

2 

Test Conditione 

(All values refer t o  the full-scale airplanes.) 

Location of the center of mavit.v.- The center of gravity was 
located at 28 percent of the mean aerodynamic  chord and 4 inches above 
the fuselage reference line. 

Flaps.- The landing flaps w e r e  t es ted  duwn 50' on the DC-4 ymdel 
and full up and d m  50°, on the E-6 model. At the Po s e t t i n g  the 
f laps  were attached 80 that they would fa i l  at scale strength. m e  
scale  strength wao baaed on an ultimate flap loading of 270 porn& per 
square foot. 

Landing Reax.- Tim tests simulated ditching6  with  the  landing gear 
retracted.  

Landiw sweds.- The landing e p e d s  med a r e  l i s t e d  in tables I, 
11, and Iu: . They are speeds at which the model was just  airborne and 
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are approximately the speeds computed from power-off lift curves f o r  
the Dc-6 airplane. The 8- lift curve8 were used for the DC-4 air- 
plane since both models had the same w i n g .  

Conditions of simulated tiamage.- The models were tested at the 
f olloxing condi t ims of damage : . 

(a) No damage (See figs. 2 and 3 .  ) . 

(b) Simulated fa i lure  of the landing-gear  doors and simulated 
scale  strength-of  the under surface of the Fuselage. (See figs. 5 
and 6.) The scale-strength  sections w e r e  designed t o  fail under a 
uniformly distributed  load of  8.3 pounds per square inch. 

Condition of seaway.-  The following conditione of water surface 
were used: 

(a) c a h  water ( indoors) 

(b) Irregular waves (outdoors) produced by wind, height approxi- 
mately 2L feet ,  length approximately 50 feet 2 

(c) Very regular waves (indoors) produced by oscil lating  plate,  
height 6 feet ,  length 180 f ee t  

Both the DC-4 and Dc-6 models were teated in calm water, but only 
the DC-4 model was t e s t e d   i n  rough water. The invest igat ion  in  rough 
water w a s  limited t o  laadings perpendicular t o  the wave cresta which is 
generally  considered the most severe seaway condition. No rough-water 
landings were made parallel t o  wave cres t s  as such landings could be 
expected t o  cause damage and deceleratians similar t o  those in c a b  
water ditching8 . 

F@SULZS AMD DISCUSSION 

Sumnaries of the results of t he   t e s t s  are presented in tables I, 
11, and III. The notationa used in the  tables a r e  defined a0 follows: 

R a n  deeply - A run in which the model stopped  abruptly in a s l igh t ly  nom- 
down a t t i tude  . 

Ran smoothly - A  run i n  which the model stopped  gradually in  a level  
a t t i tude.  
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Sequence photographs ehoxtng the  characterist ic behavior of the 
models are given in  figure 7. Tinrs4istory  curves of longitudinal 
deceleration are given in figures 8 and 9. Figures 10, 11, and 12 show 
pQotogra&s of the ditching damage sustained by the  scale+trength 
bottame. 

Effect of Landing Flaps 

The 1a.nd.ing flaps  consistently failed when tested at the 
Po position and had no appaxent detrimental  effect. A compzisop 
between the Oo and wo f lap  posi t ion was made on the Dc-6 model at the 
undamaged c a n u t i a n  xo at t i tude.  (See table I.)  he motions of 
the model were about the same for both the Oo and 50' f l a p  positions, 
but  the  lengths of the landing runs and the  maxim= longitudinal 
decelerations were greater a t '  the 'Oo flap  position. Figure 8 presents 
a cmpwison of typical  time-history  deceleration  records f o r  the 
OO and 50° flap  posit ions.  

The 50° flap  posit ion should be used in a DC-6 ditching  to  take 
advantage of the lower deceleration and slower landing swede. The 
0' f lap  posi t ion was not tested on the E-& model, but since the 
behavior of the Dc-4 and DC-6 models was the same with the f laps  at 50° 
it is assumed that the  behavior  with 0' f laps  would a lso  be similar. 
Therefore,  the Wo f l a p  poeition is recommended fo r   t he  DC-4 afrplane. 

Effect of Attitude 

The landing a t t i tude  did not came my appreciable  vmiation in the 
motions of the models but did affect the maxFmum decelerations and the 
extent of clanage. (See tables  I and II. ) In the  tests with no damage 
simulated  the  deceleratiom at the 2 O  a t t i tude  were higher than at either 
the 7O or 1Z0 at t i tudes.  The decelerations at the 12O a t t i tude  were . 
slightly  higher  .than at the 7O at t i tude.  In the  tests with scale- 
strength bottcrmEJ lese  damage and lower decelerations were obtained at 
the 12O landing at t i tude  than at the 70 landing a t t i t ude  on both  the 
DC-4 and Dc-6 models. The 2' a t t i tude  w a s  not  tested  with  scale- 
strength bot tom since it was concluded f r o m  the   t e s t e  with no damage 
simulated that this attitude would not be recamended. The extent of 
damage t o  the scale-strength bottoms a8 affected by landing attitude can 
be seen from figures 10 and 11. 

Since, in the t e s t s  with ecale"strength  bottoms, less damage asd 
lower decelerations were encountered at t h e  12O at t i tude,  this a t t i tude  
is preferable f o r  ditching. 
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Effect of D e n a g e  

The effect of damage on the  ditching  chap.cteristics of the model8 
in calm water is summarized i n  tables I asd 11. Figures 10 and 11 are 
photographs of the.damage % c u r r i n g  in these tests. 

Figure 11 includes a CampariBon of the -damage sustained by pap- 
and a luminwovered  seal-trength bottoms on similar  run^ 80 that an 
indirect  comparison can be made between motographe of the E-6 damage 
and the DC"4 damage. From the.  photographs, it- cen be seen that the 
papemovered  sectiom .have more hales than the almninum-covered ones. 
Ho-mver, the aluminum is stretched and caved Fn where the extra holes 
appear in the paper secticnm. The stretching and caving of the 
aluminum i a  probably more typical of the damage on full+cale  airplanes. 

.. 

In general, damage caused  shorter landing r u m  and higher' 
deceleratiom. (See tables I and I1 afld f ig .  8.) The da?nage also 
changed the ditching  behavior from smooth m a  t o  deep rum. The  
sequence photographs in figure  7(a) show a typkal deep run. 

Effect of Seaway 

Table III contains a. sumnaary of the results of the roughqater 
t e s t s ,  and figuree 9 and 12 show typicaLdece lera t ion   cmea  and damage 
photographs. . .  . .  . " "  -. - 

The tests in +-foot wave8 indicated that the waves were not high 

enough to   affect   mater ia l ly   the behavior of the airplanes. The motions 
of the model were the 8- as those  obtained iqs-ker teats .  (See 
f ig .   7(b)  and table 111. ) The average maximum decelerations and amount 
of damage sustained by sca1e"strength bottoms Fn 2L-foot waves were 

even s l igh t ly  less than those.  obtained in c-ter tests. 
2 

The t e a t s   i n  &foot-. waves indicated  that the waves were high enough 
t o  be the major factor in the ditching  behavior o e t h e  airplanes. The 
behavior and extent of damage depended on how the model contacted the 
waves. The maxFmum decelerations  obtained were considerably  higher than 
those in calm waterand the damage sustained was more severe. F ~ I Q  the 
deacriptims of the t es t  -runs i n   t a b l e  III and the sequence photographe 
in figure 7(c) it can be seen that the nose, center  section, and t a i l  
of the models mag have received major impacte. If these  sections had 
been made scale strength, the damage may have been greater than tha t  
shown in figure 12. 
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In reasonably calm m t e r  or  in landtngs pza l l e l  t o  W ~ V ~ E ,  it i~ 
e m c t e d  that in f ~ ~ U + c a l e  ditchings the damage w i l l  not be  excesehe. 
However, in landings p r p e n d i c u l a r  t o  waxes, the damage may be 
exceesive i f  a bad contact i s  made. 

1. The best  ditchings with the Douglas DG-4 and DC& airplanes will 
be ma& by contacting  the  water at a nose-high attitude with  the landing 
flaps ful l  down. 

2. The ditching behavior of both  airplanes w i l l  be swlar. 3 3  
calm water or  mall waves the   a t t i tude w i l l  decrease until the airplane 
stops i n  a slightly noee-dam a t t i t ude  that is described as a deep run. 
L i t t l e  daznage w i l l  be sustained at these  conditions. 

3. In waves of the order of 6 feet high  comiderable  variation in 
behavior and damage may occur, depending on how the  airplane  contacts 
the waves. 

Langley Aeronautical Laboratorg 
Nat iona l  Advisory Committee f o r  Aeronautice 

Langley Air Force Baae, Va. 
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Wave height, ft 

Behavior 

Landlng-geax doors 
removed, scale- 
strength bottonn 
installed 

I 

2A 
2 

6 

Motions 
of 

model 

1. mil touched just m e r  
wave crest, section Mder 
wing hit oncaming wave 
creat, ran deeply i@o 
next uave. 

2. Tail touched wave crest, 
section under vlng h i t  
cmccrming wave crest, 
section f o m a  of wing 
ut Ilext WBVB C r e s t .  

3 .  Tail hit just before 
wave crest, dived into 
ancanling wave. 

v 
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Figure 1, - Tbree-view drawing of' Dcmglas X-6 airplane showing sections 
that were removable (shaded areas) from the model .to approximate the 
Douglas DC-4 airplane. 





(a) SI& view. 

Figure 2. - Dltching model of Douglas DC-6 airplane. 
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Figure 3.- Exploded VIew of Douglas DC-6 model ~ h w l n g  sections  that are removable to approximate 
Dougla~ Dc-4 ai@=. v) P 
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Figure 4.- S i &  view of ditching model of Douglas DC-4 airplane. 
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Figure 5 . -  Douglas E-6 model with landlng-gear doors mmvea and scale-strength  bottom installed. 
Inset shows construction o f  scale-strength bottom. 
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DC-4. 

6. -  Location of scale-strength bottoms (shaded areas) on Douglas DC-4 and W-6 ditching models. 
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(a) Calm water. Time Interval, 0.77 second. v L-63031 
Figure 7.- Sequence photographs o f  Douglas DC-4 model. Landing  attit*, 12'; ldng speed, 91 milee 

per hour; flap deflection, yo; landing-gear doors removed; scale-strength bottom installed. All 
values are Full scale. 
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(c) 6-foot waves. Time interval, 0.73 second. 
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'r- 0 0 1 2 3 4 9 10 

Time, sec 

(a) No damage simulated; flap deflection, Oo; 
landing speedJ26 miles per hour. 

Lllc"i- 0 0 1 2 Time, 3 sec 4 10 11 

damage simulated; flap deflection, 50'; 
landing speed, 98 miles per hour. 

"F97 
I I 1 I 

0 1 2 4 5 6 
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(c) Landing-geas doora  removed; 8cale-strength bottom installed; 
flap deflection, 50°; landing speed, 98 miles per hour. 

Figure  8.- Longitudinal decelerations of D o u g l a s  DC-6 model i n  calm 
water. Landing att i tude,  12'. A ~ I  valuea are f~ll scale. 
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Time, sec 

(a) C- water. 

6 -  

4 -  

i- I 
0 1 2 3 4 5 6 

Time, 8ec 

(a) %-foot waves. 1 
2 

0 1 2 3 4 5 6 
The, sec 

(c)  6-foot waves. 

Figure 9.- Longitudinal  decelerations of Douglas X - 4  model i n  calm and 
rough water. Landing a t t i tu&,  12O; Landing speed, 91 miles per hour; 
fl&p deflection, fsoo; landiq-gear  doors removed; ecde-strength 
bottom installed.  All values m e  Full scale. 

k 
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Landing attitude, 12'. 

- 

Landing attitude, 7 O .  

Figure 10. - Damage sustained by scale-strength bottoms on Douglas E-6 
model in calm water. Flap deflection, 50'; model ran deeply. 
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Landing attitude, 12O. 

.- 
Lasding  attitude, 12O. 

Ffgure 11.- Damage sustained by scale-strength bottom on Douglas E€-4 
model in calm water. Flap deflection, 50'; model ran deeply. 
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%-foot I wave8 

Model ran  deeply 

6-foot waves 

Tail  touched wave crest ,   section under wing hit oncomfng wave 
crest,  section forward of  wing h i t  next wave cres t  

Figure 12. - Damage sustained by scale-strength bottoms on Douglas E - 4  
model i n  rough water. Landing at t i tude,  12'; flap deflection, 50°. 


